The organisms currently recognized as subspecies of Bacteroides fragilis have been shown to be genetically distinct. Species rank is therefore restored to these organisms, and type or neotype strains have been selected for the five species described. ATCC 25285 (= NCTC 9343) is designated the neotype strain of Bacteroides fragilis (Veillon and Zuber) Castellani and Chalmers; ATCC 29184 (= strain Werner E50 = NCTC 10582) is designated the neotype strain of Bacteroides thetaiotaomicron (Distaso) Castellani and Chalmers; ATCC 8503 is designated the type strain of Bacteroides distasonis Eggerth and Gagnon; ATCC 8483 is designated the type strain of Bacteroides ovatus Eggerth and Gagnon; and ATCC 8482 is designated the type strain of Bacteroides vulgatus Eggerth and Gagnon. Characteristics of these strains are presented.
Reinstatement of Species
Bacillus fragilis was first described by Veillon and Zuber in 1898 (19). Their description of this organism was meager, listing only morphological, colonial, and pathogenic characteristics: obligately anaerobic, gram-negative, nonsporefonning, nonmotile, somewhat pleomorphic rods with rounded ends, occurring singly or in pairs; subsurface colonies punctiform, circular or slightly irregular, convex, brownish yellow, semiopaque; surface colonies small, transparent, grayish; subcutaneous inoculations were pathogenic for guinea pigs or rabbits, causing abscesses and death after a week to a month; intravenous injections of live or killed cultures were toxic, causing death from cachexia.
In 1919, Castellani and Chalmers transferred the species to the genus Bacteroides as Bacteroides fragilis (4). They reported that colonies were neither pigmented nor fluorescent.
Eggerth and Gagnon in 1933 (7) published a detailed description of a new species, Bacteroides convexus, five strains of which had been isolated from human feces. 
vulgatus (7).
However, many of the biochemical reactions of these strains were similar, and there appeared to be a continuum of variants without clear lines of demarcation (8) . Variable characteristics included indole production and fermentation of particular carbohydrates. The guanine plus cytosine (G+C) content of the deoxyribonucleic acid (DNA) isolated from strains in each cluster was found to be similar, ranging from 40 to 44 mol%. Since the strains were morphologically and phenotypically quite similar, they were regarded as belonging to subspecies of Bacteroides fragilis, the type species of the genus Bacteroides (15).
Preliminary DNA homology studies, however, have shown that among these organisms there is a high level of diversity in the arrangement of the DNA nucleotides (11) . These results are summarized in Table 1 , which also includes the American Type Culture Collection (ATCC) numbers of the strains. When DNA preparations from organisms have this degree of diversity, they have usually been considered separate species (5, [16] [17] [18] ; indeed, many of the present species within the family Enterobacte- Media and methods. Morphological and biochemical characteristics of these strains were determined with media and by methods described previously (9) . All media were supplemented (per 100 ml) with 0.5 mg of hemin and 0.25 p1 of vitamin K,.
Blood agar plates were prepared aerobically on the day of use from brain heart infusion agar, dehydrated base (BHIA, Difco), supplemented (per 100 ml) with 0.5 g of yeast extract, 0.5 mg of hemin, 0.25 pl of vitamin K1, and 5 ml of defibrinated sheep blood. Laked blood agar streak tubes were prepared anaerobically by adding sterile laked sheep blood to supplemented BHIA as described previously (9) .
Fluorescence was investigated by transferring a strip of agar from a laked blood agar streak tube, as soon as colonies were apparent, to a sterile plate and surveying with a hand lens under ultraviolet light.
Methods for the isolation of DNA and for the determination of DNA homology values, using the membrane competition technique, were described elsewhere (12, 13) .
RESULTS
The reactions and characteristics of ATCC 25285 after 5 days of incubation at 37 C, as well as those given in the description of B . fragilis (syn.: B . convexus) by Eggerth and Gagnon (7), are listed in Table 2 
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Symbols: +, positive reaction; + (carbohydrate culture), pH below 5.5; + (gelatin), medium does not solidify at 4 C; -, negative reaction; w, pH between 5.5 and 5.7; w (gelatin), liquefaction in less than half the time of control; c, curd; numbers (gas), amount estimated on '-to 4+' scale. Where two reactions are given (e.g. '-+'), the first was the more usual, the second observed less frequently.
IP: 54.70.40. (Fig. 1) . In carbohydrate media, vacuoles, which are typical of many strains of B . fragilis, are often seen. Surface colonies on sheep-blood BHIA agar are punctiform, circular, entire, convex, grayish, semiopaque, and nonhemolytic. In laked blood agar streak tubes, surface colonies are translucent and buff colored. No fluorescence is observed under ultraviolet light on BHIA laked blood agar. Black pigment is not formed on laked blood BHIA streak tubes.
After incubation for 5 days in PYG, the pH of the medium was 5.4.
Eggerth and Gagnon reported ( 7 ) that their strains of B . conuexus fermented both amygdalin and cellobiose. ATCC 25285 did not ferment either of these carbohydrates in 5 days but, after 3 weeks of incubation, both were weakly acid (pH 5.7 and 5.8, respectively, as compared with a pH of 6.2 in basal medium, peptone-yeast extract broth [PYI). Among other strains ofB. fragilis that are in our collection, both of these reactions are variable; amygdalin is usually fermented and cellobiose is usually not. We have found for this group of organisms that the correlation between carbohydrate fermentation patterns and the homology groups is much better if fermentation tests are not considered positive unless the pH is 5.7 or below.
Although Veillon and Zuber stated that gelatin was not digested (19), Eggerth and Gagnon found gelatin to be liquefied after 20 to 30 days of incubation (7). This could have resulted from better growth conditions or from a longer holding period for cultures. ATCC 25285 weakly digested gelatin after 3 weeks of incubation (the chilled culture liquefied at room temperature in 23 min as compared with more than 60 min for an uninoculated control). Most of the strains of B . fragilis that we have examined do not liquefy gelatin, and the reaction is weak when it occurs.
Esculin and starch were hydrolyzed; resazurin and neutral red were reduced.
Addition of 20% bile to media was not inhibitory to growth.
Products of fermentation of PY and PYG are listed in Table 3 . Propionate was not formed from lactate or threonine, but pyruvate was converted to acetate, propionate, and succinate.
The strain was resistant to penicillin but susceptible to chloramphenicol, clindamycin, erythromycin, and tetracycline when tested by the broth-disk method of Wilkins and Thiel (21).
The G+C content of the DNA is 42 mol%. 
B . f r a g i h is widely recognized for its clinical significance and frequent occurrence in tissue infections.
A discussion of the other organisms previously (8, 15) accorded subspecies rank in the species B . fragilis follows.
Bacteroides thetaiotaomicron (Distaso) Castellani and Chalmers (B. fragilis subsp. thetaiotaomicron).
B . thetaiotaomicron was first described by Distaso in 1912 (6) and was transferred to the genus Bacteroides by Castellani and Chalmers in 1919 (4). A more complete description of the organism was published in 1933 by Eggerth and Gagnon ( 7 ) . Distaso's isolates, from normal human feces, were very pleomorphic gram-negative rods. The cells were elliptical, coccoid, or shaped like a kidney bean or a bell clapper. Some cells were uniformly stained, and some were stained only at the ends or with a transverse stripe. On blood agar plates, cells were 0.7 to 1.0 pm in diameter by 1.0 to 2.0 pm in length, usually occurring singly; in glucose broth, cells were often larger (up to 2.0 p m in diameter and 4.0 pm in length) and occurred in pairs (7) .
Distaso reported that the cells of this organism were motile, but Eggerth and Gagnon believed what Distaso observed was only Brownian movement "which is very active" (7). None of their 14 strains was motile and none that we have examined was motile.
Colonies in carbohydrate agar deeps were transparent, moderately large, and circular with entire edges. Small amounts of gas were formed (6) . On blood agar, colonies were 1.0 to 4.0 mm in diameter, peaked or convex, and grayish or yellowish, whereas surface colonies on glucose agar were 0.5 to 1.0 mm in diameter (7). "Products were determined by gas-liquid chromatography after 5 days of incubation in peptone-yeast extract broth (PY) and peptone-yeast extract-glucose broth (PYG) (9).
bMilliequivalents per 100 ml of culture.
Glucose and lactose were weakly fermented; milk was coagulated; gelatin was not digested; indole was formed (6).
In 1970, Werner deposited in the NCTC a strain with the above-mentioned characteristics. This strain ofB. thetaiotaomicron (Werner E50 = NCTC 10582 = ATCC 29184) was isolated from human feces. It. was used as the reference strain in a determination of DNA similarities (111, and it is here designated the neotype strain of Bacteroides thetuiotaomicron (Distaso) Castellani and Chalmers.
The interstrain DNA homology values (Table  1) show that B . thetaiotaomicron ATCC 29184 has 42% homology to B . ovatus ATCC 8483. Similar results were obtained in the reciprocal experiment ( Table 1 ) and in the testing of additional strains from both species. Although they are still very distinct, B . thetuiotuomicron and B . ovutus appear to be more closely related to each other than to the other species under discussion.
The reactions of this strain and the characteristics of the species as given by Eggerth and Gagnon (7) are listed in Table 2 .
A description of ATCC 29184 follows: Anaerobic, nonsporeforming, nonmotile, gram-negative rods. They are usually straight with rounded ends and occur singly or in pairs. In PYG, they are 0.9 to 1.9 p m in diameter by 1.3 to 5.5 Fm in length, are quite pleomorphic, and often stain irregularly. In PY, they are smaller and are more homogeneous in size, shape, and staining (Fig. 2) .
Surface colonies on sheep blood agar are punctiform, circular, entire, convex, semiopaque, whitish, soft, and shiny. In laked blood agar streak tubes, colonies are buff colored and translucent and are neither fluorescent nor pigmented. Sheep blood is not hemolyzed.
Eggerth and Gagnon reported (7) that salicin was fermented by B . thetaiotaomicron. The strains of this species that we have studied vary in their ability to attack this substrate. The neotype strain did not ferment salicin even after 3 weeks of incubation, although there was good growth in the medium. Addition of 20% bile to media did not inhibit growth.
The pH of PYG after 5 days of incubation was 5.3.
Esculin and starch were hydrolyzed; resazurin, but not neutral red, was reduced.
Products of fermentation of PY and PYG are listed in Table 3 . Propionate was not formed from lactate or threonine; pyruvate was converted to acetate and succinate. Characteristics common to all three strains are as follows: Anaerobic, nonsporeforming, nonmotile, gram-negative rods; colonies on laked blood agar are neither pigmented nor fluorescent; growth is not inhibited by the addition of 20% bile; esculin and starch are hydrolyzed; and cells are resistant to penicillin but susceptible to chloramphenicol, clindamycin, erythromycin, and tetracycline.
The reactions of the type strains in prereduced media supplemented with vitamin K and heme (9) and the reactions reported by Eggerth and Gagnon for these species (7) are listed in Table 2 .
Other characteristics, in good agreement with the original species descriptions, are presented below.
Bacteroides distasonis ATCC 8503.
In PYG, cells were 1.3 to 1.9 pm in diameter and 1.6 to 5.0 pm in length with rounded ends; they usually occurred singly, occasionally in pairs (Fig. 3) .
Colonies on sheep-blood agar plates were pinpoint to 0.5 mm in diameter, circular, entire, convex, translucent to opaque, gray-white, soft, and smooth. Like some of the original strains, this strain was alpha-hemolytic.
The pH of PYG after 5 days of incubation was 5.4.
Characteristics of this strain which were not included in the original species description are as follows.
Resazurin, but not neutral red, was reduced. Catalase was produced when this strain was
Products of fermentation of P Y and PYG are listed in Table 3 .
Propionate was not formed from lactate or threonine; neither pyruvate nor gluconate was converted to products other than those found after growth in PY.
The G+C content of the DNA is 44 mol%. Bacteroides ovatus ATCC 8483.
In PYG, cells were 1.3 to 2.0 pm in diameter and 1.6 to 5.0 pm in length with rounded ends.
Oval forms, which stain evenly, predominate. Cells usually occur singly, occasionally in pairs (Fig. 4) . Surface colonies on sheep blood agar were 0.5 to 1.0 mm in diameter, circular, entire, convex, pale buff colored, and semiopaque and had a slightly mottled appearance. Sheep blood was not hemolyzed. Resazurin and neutral red were reduced. The pH of PY G after 5 days of incubation was 5.2.
The products of fermentation of PY and PYG are listed in Table 3 .
Propionate was formed from lactate but not from threonine. Gluconate was not utilized, but pyruvate was converted to succinate, acetate, and propionate.
The G+C content of the DNA is 40 mol%. Bacteroides vulgatus ATCC 8482. In PYG, cells were 0.5 to 0.8 pm in diameter and 1.5 to 7.7 p m in length with rounded ends (Fig. 5 ) . They may be quite pleomorphic with swellings or vacuoles. Cells usually occurred singly, but they may occur in pairs or short chains.
Surface colonies on blood agar were 1.0 to 2.0 mm in diameter, circular, entire, convex, grayish, semiopaque, and soft. Sheep blood was not hemolyzed.
Resazurin, but not neutral red, was reduced. The products of fermentation of PY and PY G are listed in Table 3 . Propionate was not formed from lactate or threonine. Neither pyruvate nor gluconate was utilized.
The G+C content of the DNA is 41 mol%.
